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MEASUREMENT OF FINGER TEMPERATURE IN NEAR- INFRARED 
QUANTITATIVE MEASUREMENT INSTRUMENT 

BACKGROUND OF THE INVENTION 

Cross-Ref erence to Related Applications 

This application is a continuation-in-part of co- 
5 pending application Serial No. 07/813,73 9, filed 

December 30, 1991, which is a continuation-in-part of 
Serial No. 07/565,302, filed August 10, 1990, now U.S. 
Patent 5,077,476, which is a continuation-in-part of 
application Serial No. 07/544,580, filed June 27, 1990, 

10 now U.S. Patent No. 5,086,229. 

Field of the Invention and Background 

This invention relates to instruments for the non- 
invasive quantitative measurement of constituents in 
blood, such as blood gludose levels. Specifically, 

15 this invention relates to an improved analysis 

instrument utilizing an improved measurement of the 
temperature of the body part,, typically a finger, which 
is being irradiated with near- infrared energy for 
measurement of the blood analyte levels. 

20 Information concerning the chemical composition of 

blood is widely used to assess the health 
characteristics of both people and animals. For 
example, analysis of the glucose content of blood 
provides an indication of the current status of 

25 metabolism. Blood analysis, by the detection of above 
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or below normal levels of various substances, also 
provides a direct indication of the presence of certain 
types of diseases and dysfunctions. In U.S. Patent 
5,077,476, incorporated by reference herein, it is 
5 taught that noninvasive blood glucose measurement can 
be made by transmitting near-infrared light through an 
extremity of the body, e.g. . the most distal portion of 
the index finger. The temperature of the body at the 
point of measurement can be an important parameter 

10 because the peak wavelengths for near- infrared light 

passing through water (the human body is approximately 
67% water) shift as a function of temperature. Thus, a 
means to insure that the shift in peak wavelength as a 
function of temperature does not interfere with the 

15 analyte measurement is important . 

In the aforementioned '476 patent, the finger 
temperature can be taken into account as a separate 
term in a linear regression algorithm used in a near- 
infrared measurement instrument such as represented by 

20 the following equation: 

C = K 0 + Kjlog 1/I A - log 1/I B ] / [log l/I D - 
log 1/IJ + K 2 T S + K 3 T A 
wherein C is the analyte concentration, Ko through K 3 
are calibration constants, T s is the local surface 

25 temperature of the finger and T A is the temperature of 
the air within the instrument, and the log l/I terms 
represent optical density values at particular near- 
infrared wavelengths A, B, D and E. The calibration 
constants can be generated by various regression 

30 techniques such as multiple linear regression, stepwise 
regression, partial least squares fitting, principle 
component analysis, etc. 

Fig. 1 illustrates a near-infrared blood analyte 
measurement instrument as disclosed in the '476 patent. 

35 Briefly, up to six or more IREDs (Infrared Emitting 
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Diodes) represented in the figure by IREDs 5 and 6, 
detector 8 and processing means 10 are contained within 
a lightweight hand-held housing unit 1. Illustrative 
IREDs 5 and 6 are separated by light baffle 4 and are 
5 positioned so that the near-IR energy is directed 

through window 14, which may be light scattering, and 
onto the skin of the test subject. Optical filters, 
illustrated at 16 and 17, are positioned between each 
IRED and the window 14 for filtering the near-IR 

10 energy, thereby optimizing the band of near-IR energy 
striking the subject. It is very important that the 
test subject's fingertip not be exposed to ambient 
light- Further, it is desirable that the actual 
measurement be made near the rear of the finger nail. 

15 . Finger stop 30 illustrated in FIG. 1 facilitates 

properly positioning the test subject's finger. FIG. 1 
also illustrates a finger retainer 2 to securely 
position the user's finger inside the instrument and to 
provide sufficient blockage of ambient light. Spring 

20 21 pushes the finger retainer 2 against the bottom of 
the test subject's finger thereby providing a secure 
fit. Linear potentiometer 19 is connected to finger 
retainer 2 and can measure an individual's finger 
thickness. In. addition, an inflatable diaphragm or 

25 rubber /foam iris (illustrated at 15) is used to secure 
the test subject's finger and shield light. 

FIG. 1 illustrates that when the finger is 
inserted into chamber 28, a built-in thermistor 29 
measures the finger's temperature. A second thermistor 

30 27 is positioned inside the analytical instrument 1 for 
measuring the ambient air temperature therein. The 
ambient air temperature measurement could be made at 
any time prior to the instrument's actual use, but 
preferably at the time the optical standard is 

35 measured. As shown in Fig. 1, the thermistor 29 is 
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disposed near the optical measurement point of detector 
8. While such an approach may be feasible, it raises 
complex engineering problems in that the location for 
the temperature measuring device is very close to the 
5 optical measurement path of the optical sensor. The 
resultant crowding of these two separate measurement 
devices can cause errors in either or both of the 
optical measurement and the temperature measurement. 
SUMMARY OF THE INVENTION 

10 The present invention solves the above-mentioned 

problems by providing an alternate approach that 
achieves the same accuracy in temperature measurement 
as the previous approach, while eliminating any errors 
caused by crowding of components. Specifically, the 

15 present invention provides a near- infrared quantitative 
analysis instrument for noninvasive measurement of 
blood present in a body part of a, subject, comprising 
introducing means including a near-infrared energy 
source for introducing near- infrared energy into blood 

20 present in a body part of a subject, detecting means 
for detecting near- infrared energy being emitted from 
said body part and producing signals in response 
thereto, positioning means for positioning said body 
part closely adjacent to both said introducing means 

25 and said detecting means, housing means for housing 

said introducing means, said detecting means and said 
positioning means, temperature sensing means for 
measuring the temperature of said body part at a 
location on said body part external to said housing 

30 means; and processing means responsive to the signals 
produced by said detecting means and the temperature 
measured by said temperature sensing means for 
generating a signal indicative of a quantity of a 
certain analyte in the blood present in said body part. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates a near-infrared blood glucose 
measurement instrument of the type applicable to the 
present invent ion ; 
5 FIG. 2 illustrates positions on the finger of a 

test subject for making temperature measurements and 
optical measurements, respectively; 

FIG. 3 illustrates a graph of a linear function 
representing the relationship between the surface 
10 temperature at the base of the finger and the surface 
temperature at the tip or distal end portion of the 
finger; 

FIG. 4 illustrates a finger-temperature 
measurement device according to one embodiment of the 
15 present invention; and 

FIG. 5 illustrates a finger -temperature 
measurement device according to a second embodiment of 
the present invention. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 According to one embodiment of the invention 

utilizing near-IR transmission analysis techniques, 
near-IR light energy at bandwidths centering on one or 
more wavelengths of interest is transmitted through a 
blood-containing portion of the body of a test subject. 
25 In a preferred embodiment, the near-IR bandwidth is 
from 600-1100 nm, and preferably 600-1000 nm. The 
near-IR energy emerges from the test subject, generally 
opposite from the near-IR source, and is detected by a 
detector. Following amplification of the 
30 detector-generated signal, the amplified output is 

processed into an output signal indicating the amount 
of glucose in the subject's blood. 

It has been discovered by the present inventors 
that temperature measurement made at the base portion 
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of the finger most proximate the palm of the hand is 
directly related to the temperature at the tip or 
distal portion of the finger at which an optical near- 
infrared measurement is taken by the instrument. These 
5 points are shown in Fig. 2. 

Fig. 3 illustrates the results of an experimental 
test during which the temperature at the base of the 
finger and the temperature at the tip of the finger 
were measure simultaneously over a certain range of 

10 room temperatures. For the test, a styrofoam piece was 
loosely wrapped around the base of the left index 
finger, and another styrofoam piece was loosely wrapped 
around the tip of the left index finger to simulate the 
conditions to which the finger would be subjected in a 

15 noninvasive blood glucose measurement in the 

measurement instrument, i.e. , the tip of the finger 
would be somewhat shielded from room air. The pieces 
of styrofoam were used at the base and tip to simulate 
the test apparatus. 

20 The temperature at the base of the finger and the 

tip of the finger were measured in 5 to 10 minute 
intervals over an approximately six hour period with a 
thermistor placed against the underside of the base of 
the finger and against the approximate location used 

25 for near-infrared measurement in the instrument. The 
thermistor was held against the portions of the finger 
for 15 seconds for stabilization purposes and then the 
temperature was recorded. Base and tip measurements 
were each repeated twice, with the resultant three 

30 temperature measurement values being averaged for each 
time interval measurement. Room temperature was also 
recorded. Table I displays the time, room temperature, 
and average tip and base temperature for each 

measurement . '* . 
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TABLE I 



Sample # 

Time 

Room Temp. 

Base Temp. 

Tip Temp 


1 

8:45 

73.4 

95.2 

95.8 


2 

9:00 

72.9 

93.8 

94.5 

5 

3 

9:15 

70.8 

92.3 

93 , » 


4 

9:30 

70.5 

90.7 

92,2 


5 

9:45 

69.8 

92.9 

93.4 


6 

9:55 

69.8 

88.1 

89.1 


7 

10:10 

70.3 

91.6 

92.2 

10 

8 

10:30 

70.7 

88.0 

85.0 


9 

10:35 

71.0 

87.4 

83.9 


10 

10:40 

71.6 

86.0 

82.3 


11 

10 :47 

71.1 

84.3 

80.9 


12 

10:55 

70.8 

81.8 

78.1 

15 

13 

11:10 

73.9 

81.0 

78.1 


14 

11:15 

75.5 

82.8 

82.2 


15 

11:20 

76.9 

90.6 

93.3 


16 

11:25 

76.4 

94.1 

94.8 


17 

11:35 

77.4 

95.3 

95.9 

20 

18 

11:40 

77.4 

95 

95.5 


19 

11:55 

75.2 

93.7 

95.5 


20 

12:00 

76.4 

94.6 

95.4 


21 

12 :05 

76.1 

93.4 

94.3 


22 

12 :15 

76.0 

94.5 

95.4 

25 

23 

12:25 

75.3 

94.2 

95.1 


24 

1:30 

73.8 

95.0 

95.5 


25 

1:40 

76.1 

94.8 

95.4 


26 

1:50 

72.0 

94.7 

95.1 


27 

2:00 

71.3 

88.3 

88.0 

30 

28 

2:05 

68.3 

88.8 

88.5 


29 

2:12 

72.3 

87.0 

84.6 


30 

2:17 

71.2 

87.8 

86.8 


31 

2:25 

70.9 

84.6 

81 


32 

2:35 

71.3 

82.1 

77.9 

35 

33 

2:40 

68.3 

80.1 

75. 9 
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34 2:47 70.9 79 74.6 

35 2:53 71.5 77.3 73.5 

36 3:00 67.9 76.4 72.3 

The 35 averaged data points are shown in Fig. 3. 
5 This figure illustrates that there exists a strong 

relationship between the temperature at the base and 
tip of the finger, with a correlation constant of 0.99. 
The absolute mean difference between the two locations 
is 1.8° F. As indicated by the results, at warmer room 

10 temperatures the tip of the finger was approximately 
0.9° F warmer than the base of the finger, and at 
colder room temperatures the temperature of the tip 
decreased to approximately 3.4° F colder than the 
temperature of the base, apparently confirming the 

15 notion that blood flow to the extremities is minimized 
as environmental temperatures approach colder levels. 

A linear regression was performed to obtain the 
linear function. The line equation is Y = 1.33X - 
29.884, which indicates that while there is a slope 

20 adjustment, there is no statistically significant 

difference between the temperature of the finger tip 
and the temperature of the base. 

As a consequence of the obtained test results, it 
has been discovered that the internal thermistor 29 as 

25 shown in Fig. 1 can be eliminated and replaced by a 

simple flexible thermistor ring 42, as shown in Fig. 4. 
In one embodiment of the invention, the ring is made of 
a flexible, compressible insulating material (such as 
rubber) carrying a flexible thermistor material that is 

30 fastened to the finger by use of a hook-and- loop- type 

fastener, commonly recognized as Velcro®. The fastener 
allows the thermistor material to press against the 
skin, yet does not restrict blood flow to the tip of 
the finger. The thermistor measurement is inputted to 
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the measurement instrument through a flexible cable 41, 
which can be either permanently attached to the 
measurement unit or attached to the unit via a 
connector element . With such an arrangement , the 
5 relationship between the temperature measured at the 
base of the finger and the temperature of the finger 
tip is linear with a correlation of approximately 0.99. 
The slope and intercept differences shown in Fig. 3 are 
automatically taken into account during calibration 
10 according to the above-defined equation, i.e. . the 

intercept would be reflected in the constant K 0/ and the 
constant K 2 would incorporate the slope of the linear 
function. 

Fig. 5 shows an alternative embodiment in which 

15 the finger temperature measurement device is mounted on 
and forms part of an opaque light shield glove 51. The 
light shield glove is used to prevent ambient light 
from being conducted into the test subject's finger, 
which would adversely interfere with the near- infrared 

20 optical measurement. The light shield glove and 

mounted temperature device would mate with a key-type 
interface built into the near- infrared measurement 
instrument, such that when the shield is properly 
inserted into the interface, the thermistor is readable 

25 and optical measurements can be carried out without 
interference from outside ambient light. 

The invention having been thus described, it will 
be apparent to those skilled in the art that the same 
may be varied in many ways without departing from the 

30 spirit and scope of the invention. Any and all such 
modifications are intended to be included within the 
scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A near-infrared quantitative analysis instrument 
for noninvasive measurement of blood present in a body 
part of a subject, comprising: 

introducing means including a near- infrared energy 
source for introducing near- infrared energy into blood 
present in a body part of a subject; 

detecting means for detecting near- infrared energy 
being emitted from said body part and producing signals 
in response thereto; 

positioning means for positioning said body part 
closely adjacent to both said introducing means and 
said detecting means; 

housing means for housing said introducing means , 
said detecting means and said positioning means; 

temperature sensing means for measuring the 
temperature of said body part at a location on said 
body part external to said housing means; and 

processing means responsive to the signals 
produced by said detecting means and the temperature 
measured by said temperature sensing means for 
generating a signal indicative of a quantity of a 
certain analyte in the blood present in said body part. 

2. A near-infrared quantitative analysis instrument as 
set forth in claim 1, wherein said temperature sensing 
means comprises a flexible thermistor ring attachable 
to said body part and a cable connectable to said 
instrument for transmitting a measured temperature to 
said processing means. 

3. A near-infrared quantitative analysis instrument as 
set forth in claim 2, wherein said body part is a 
finger. 

4. A near-infrared quantitative analysis instrument as 
set forth in claim 3, wherein said flexible thermistor 
ring is attachable to a base portion of said finger, 
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and said introducing means introduces near- infrared 
energy into a tip portion of said finger. 

5. A near-infrared quantitative analysis instrument as 
set forth in claim 1, wherein said body part is a 
finger, said temperature sensing means comprises a 
flexible thermistor ring attachable to said finger and 
a cable connectable to said instrument for transmitting 
a measured temperature to said processing means, and 
further comprising a light shielding glove to be worn 
by said subject to block ambient external light from 
interfering with said measurement, wherein said 
flexible thermistor ring is mounted as part of said 
glove . 

6. A near-infrared quantitative analysis instrument as 
set forth in claim 1, wherein said near- infrared energy 
is in the range of 600-1100 nm. 

7. A flexible thermistor ring attachable to a finger 
of a subject for measuring the temperature of said 
finger and including means for output ting the measured 
temperature, for use with a near-infrared quantitative 
analysis ins t raiment for noninvasive measurement of an 
analyte in blood present in said finger. 

8. A method of near-infrared quantitative analysis for 
noninvasive measurement of blood present in a body part 
of a subject, comprising the steps of: 

inserting said body part into a near- infrared 
quantitative analysis instrument; 

introducing near- infrared energy into blood 
present in said body part of said subject; 

detecting near- infrared energy being emitted from 
said body part and producing signals in response 
thereto; 

measuring the temperature of said body part at a 
location on said body part external to said instrument; 
and 
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generating a signal indicative of a quantity of a 
certain analyte in the blood present in said body part 
in response to the signals produced by said detecting 
step and the temperature measured by said temperature 
measuring step. 

9. A method of near-infrared quantitative analysis as 
set forth in claim 8, wherein said body part is a 
finger, and said step of measuring the temperature of 
said body part comprises the steps of attaching a 
flexible thermistor ring to said finger, connecting 
said thermistor ring to said near- infrared quantitative 
analysis instrument, and transmitting said measured 
temperature to said instrument. 

10. A method of near-infrared quantitative analysis as 
set forth in claim 9, wherein said flexible thermistor 
ring is mounted as part of a light shield glove worn by 
said subject to block ambient external light from 
interfering with said measurement. 

11. A method of near-infrared quantitative analysis as 
set forth in claim 9, wherein the step of attaching 
comprises attaching said flexible thermistor ring to a 
base portion of said finger, and said step of detecting 
comprises detecting near- infrared energy being emitted 
from a tip portion of said finger. 
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FIG. 5 



FIG. 4 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US94/09097 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC{5) :G01N 21/35 
USCL : 250/339.04 

According to international Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 250039.04, 343, 341; 356739; 128/633 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A.P 


US, A, 5,077,476 (ROSENTHAL) 31 DECEMBER 1991, 
CLAIM 16. 

US, A, 5,262,645 (LAMBERT ET AL) 16 NOVEMBER 1993, 
COL. 2. 


1-11 


1-11 


| | Further documents are listed in the continuation of Box C. | | See patent family annex. 


■ Special categories of chad document*: 

*A* document defining the general aisle of the art which is not considered 

to be of particular relevance 

'E* earlier document published on or after the international filing date 

'L* document which may throw doubts on priority ciotm(i) or which is 

cited to establish the publication date of another citation or other 
special reason <oa specified) 

"O* document referring to an oral disclosure, uie. exhibition or other 

*P" donrmmt published prior to the miemaiional filing date but later than 
the priority date claimed 


later document published after the international filing dale or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same-patent family 


Date of the actual completion of the international search 
15 SEPTEMBER 1994 


Date of mailing of the international search report 


2 1 SEP 1994 


Name and mailing address of the ISA/US 
Comnusaioner of Patents and Trademarks 
BoxPCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer 
> r RICHARD E.HAN1G 


Telephone No. 


(703) 308-0956 


Form PCT/1SAA210 (second sheet)(Juiy 1992)* 


